Signal improvements that help reduce fuel consumption lead to a decrease in the nation's dependency on fossil fuels. This is important for the following three reasons:
1.
Saving motorists time and ~oney: One way of reducing fuel consumption 1S to reduce the time that vehicles spend at red lights waiting for a green indication. Reduced waiting time saves the motorist time as well as associated fuel costs.
2.
Reducing the adverse environmental effects of burning fossil fuels: When fuels burn, they emit harmful gasses, such as carbon dioxide and carbon monoxide, and particulate matter into the air. Vehicles burn more fuel at an intersection when they accelerate from a stopped position, than when they coast through that intersection. Likewise most pollutants are released at the start-up acceleration stage (2) . Reducing the number of start-ups cuts down the levels of pollutants released into the environment.
3.
Reducing the impact of imported oil on global politics: Reduction in fuel consumption reduces the nation's dependency on foreign oil. This should lessen the importance of oil in the international political scene.
Deciding on the most energy efficient form of control is a problem traffic engineers commonly face. The Traffic
Control Devices Handbook states that there is no direct method of determining the most efficient mode of intersection operation (3) . Developing guidelines for selecting the most energy efficient form of control will help reduce unnecessary fuel consumption at signalized intersections.
A computer simulation program is utilized to examine the relationship between the fuel efficiency of various traffic control strategies and traffic volume levels. This is done using the following sequence:
1. Selecting a prototypical intersection for the purpose of the simulation runs
2.
Simulating actuated and pretimed intersection control,
3.
Evaluating the estimated fuel consumption at various volume levels and cycle lengths. As part of this project, several isolated intersections were modified in four cities. The following modifications were added to existing traffic signal controls at signalized intersections:
1.
Upgraded from pretimed control to fully actuated control,
2.
Upgraded from semi-actuated control to fully actuated control, and
3.
Upgraded from pretimed control to semi-actuated control.
The purpose of the IMVFR project was to reduce fuel consumption at selected project sites. The studies that were conducted at these intersections before and after the project revealed a poor overall performance. The following questions emerged from the IMVFR program:
Was it justifiable to upgrade the form of intersection traffic control from pretimed to actuated?; and if so,
2.
Under what conditions is upgrading to actuated control most effective for reducing fuel consumption?
A literature review indicated that there are no guidelines for the selection of a fuel efficient traffic control strategy at isolated intersections.
Results of the IMVFR proqram
Fuel consumption was estimated before and after the IMVFR program modification at twenty five intersections where isolated intersection control had been upgraded. To estimate fuel consumption at each intersection, the number of stops and idling delays were measured before and after the project.
Fuel consumption was then estimated by assigning fuel equivalent values to the number of stops and delays. Figure 2 .1 shows the total delay before and after the control improvements were implemented at each intersection. 
The original form of control and signal timings
The cycle length in pretimed operation is fixed. The
TOTAL BEFORE AND AFTER IDLING DELAY
AT EACH INTERSECTION 1. The installation cost of actuated signals are two to three times the cost of pretimed signals.
2. Actuated controllers are more complicated than pretimed controllers and require more inspection and maintenance.
3. Actuated controllers require detectors which are expensive to install and require maintenance.
Guidelines will assist the engineer in selecting the proper form of control. A properly selected control will avoid the unnecessary expense of more costly alternatives. As
The National Highway cooperative Research Program Report Number 233 indicates, the properly selected form of control 15 will bring about savings in user costs that will often justify the additional investment in more expensive choices (11) .
The signal operator is the engineer or technician who is in charge of day to day operation of the signals. The operator may find a lack of guidelines for selecting control type to be a dilemma. If an intersection is set up properly, state of the art control equipment will allow for switching from operating in a pretimed mode to an actuated mode. The operator's problem lies in selecting the most efficient mode of control at a given time.
Research Objective
As noted in the literature review, the existing rules for 1.
Ten percent of the total approach volume is assumed to turn left.
2.
Twenty percent of the total approach volume is assumed to turn left. The pretimed minimum fuel consumption curve: At each volume level various cycle lengths are simulated by the computer program. The average fuel consumption per vehicle for each cycle length is then calculated using the simulation's output. The minimum of these average fuel consumption numbers is plotted versus the volume. This procedure is repeated for all the traffic volume levels to obtain the minimum fuel consumption curve. This curve represents pretimed cycle lengths with the least fuel consumption at any given volume. Table 4 .1 shows the cycle length used at each volume level.
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2.
The actuated fuel consumption curve.
3.
The pretimed maximum fuel consumption curve: Points on this curve represent the maximum fuel consumption for a given volume.
Four distinct zones are noted on this curve, which
indicates that an energy efficient form of control is related to the volume level:
Zone 1, volume of less than 400 vehicles per hour:
Actuated control resulted in the highest fuel consumption. This is the case regardless of the pretimed cycle length. Actuated control results in fuel consumption levels that are close to the pretimed maximum fuel consumption curve. In this volume range, even if a non-optimum cycle length is selected, it is more likely that a pretimed cycle length will result in better operation. This can be seen on Figure 5 .3. The operating pretimed cycle lengths are determined by the engineers or technicians. Due to the variation of traffic levels and patterns with the time of day, day of week, and day of year, the prediction and determination of the most efficient pretimed cycle length may be difficult. The number of cycle lengths that a traffic controller can accommodate is limited.
In this volume NETSIM pretimed mlnlmum and maximum, and actuated control fuel consumption curves range it is more likely that the choice of a pretimed cycle length will increase fuel costs.
Actuated control automatically adjusts the cycle length. It emulates the most fuel efficient pretimed cycle lengths. Therefore, actuated control is the best choice.
Zone 4, volume of more than 3500 vehicles per hour:
Where volume exceeds 3500 vehicles per hour pretimed control can produce more fuel efficiency than actuated control. In this range additional research is needed before deciding on the form of control. This is because at these high volumes, small inefficiencies will add up to high total fuel consumption.
The analysis suggests that, for the type of intersection used in this research with ten percent left turning volumes:
Pretimed control should be used when volumes are less than 400 vehicle per hour.
2.
Pretimed control should be considered for volumes of 400 to 1000 vehicles per hour.
3.
Actuated control should be considered for volumes of 1000 to 3500 vehicles per hour.
4.
Pretimed control is desirable when volumes exceed 3500 vehicles per hour.
Further analysis is then conducted, using twenty percent and thirty percent left turn volumes, respectively. The minimum and maximum pretimed, and actuated control fuel " ••• it was found that the difference in the annual costs for equipment acquisition, installation, operation, and maintenance between the control alternatives were significantly less than the differences in benefits. For this reason, the control alternative that minimized stops and delays also proved to be the most cost effective."
The recommendations of this study are summarized as follows:
It is recommended that, when feasible, simulation runs and methodology similar to that used in this research be used for an intersection for which a form of control is being considered.
It is also recommended that the relationship between traffic volume levels, energy consumption, and form of control Finally, it is recommended that the current procedures in choosing a form of traffic signal control at isolated intersections be used in conjunction with the results from part 1 and 2 mentioned above.
upgrading from pretimed control to actuated control without consideration of volume levels will not assure significant fuel savings. In comparison to efficient pretimed control, actuated control may even harm the fuel efficiency of intersection control.
